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the company today. The essential characteristics of-a
complicated and costly machine can be determined by cal-
culation, in detail, before the working drawings are begun.
It is quite obvious that by such scientific procedure time
and money are saved, as compared with the cut and try
methods, which were used when apparatus was built by
experiment and not by analysis. So far has,the scientific
method been established that in modern practice calcula-
tion is relied upon entirely in the design of electrical ma-
chinery, and contracts for the electrical equipment of power
stations, railways and industrial plants are taken based
entirely on calculated designs. No error in proportions
or characteristics is permissible in the calculations, for no
check can be had upon their operating characteristics until
the work has gone so far that important modifications in
the design are not permissible. Preliminary trial machines
cannot be built, except in rare cases, for there is not time,
the huge apparatus of today often requiring considerably
more than a year to construct. Thus the accuracy in cal-
culation, based on research data, is one of the marvels of
the electrical art.

TELEPHONE

In October 1879, Westinghouse filed an application for
a telephone patent. This was followed in the next year
by three other patents designed to extend and perfect the
invention shown in the first patent. He proposed to save
wire by a system of auxiliary telephone exchanges. The
wires from a group of subscribers were carried into a local,
auxiliary exchange, and from there communication was
made with the central exchange by one common wire. The
underlying idea was to connect groups of country users
with the central exchange in'a city some distance away,
but it was thought that it might be advantageous to use